Background: Better understanding of the association between early life lipid intakes and the development of allergic diseases is needed. Objective: We prospectively studied breast milk content of n-6, n-3, and trans fatty acids in relation to allergic symptoms at the ages of 1 and 4 years. Methods: Fatty acid content was determined in breast milk samples of 265 (158 allergic and 107 nonallergic) mothers of children participating in the Prevention and Incidence of Asthma and Mite Allergy study. Outcome variables studied were parental reported eczema at age 1 year, eczema at age 4 years, asthma at age 4 years, and, in a subgroup of 133 children, sensitization at age 4 years. Results: In children of mothers with allergy, breast milk n-3 long chain polyunsaturated fatty acids and the ratio between n-3 and n-6 long chain polyunsaturated fatty acids were inversely associated with asthma and with persistent symptoms (eczema at age 1 year and eczema at age 4 years and/or asthma at age 4 years), but no associations between breast milk fatty acids and sensitization were observed. In children of mothers with allergy, also trans fatty acids tended to be inversely associated with allergic symptoms. In children of mothers without allergy, no associations between breast milk fatty acids and allergic symptoms were observed, but a-linolenic acid (18:3n-3) was positively associated with sensitization.
Diet is one of the aspects of lifestyle where clues for prevention of asthma and allergy are sought. However, many uncertainties still surround the relationship between diet and asthma and allergies. These include the role of breast-feeding, the role of different components of breast milk and of the later diet, the time in life when different dietary components exert their influence, and the question of differences in sensitivity to dietary influences between subgroups in the population. These issues have been addressed in several papers and reviews recently published in this Journal. [1] [2] [3] [4] Lipids are one of the dietary components that seem to offer promising opportunities to influence the development of asthma and allergies. Several hypotheses have been proposed on the role of dietary fatty acid (FA) in the development of allergic diseases and in the rising incidence of these diseases in industrialized countries. A high proportion of n-6 polyunsaturated FA (PUFA) in the diet, low intakes of n-3 PUFA, and high intakes of trans FA have been suggested as risk factors for allergic diseases. Hodge et al 5 hypothesized in 1994 that the increase in childhood asthma in affluent countries could be related to an increased consumption of oils rich in n-6 PUFA, such as linoleic acid, accompanied by a low intake of n-3 PUFA. Black and Sharpe 6 elaborated on this hypothesis, suggesting that a fall in the consumption of saturated fat and an increase in the amount of n-6 PUFA in the diet, in combination with a decrease in the consumption of oily fish (a rich source of n-3 LCP), might explain the increase of asthma, eczema, and allergic rhinitis in the developed world. The hypothesis that diets high in marine n-3 PUFA could have a beneficial effect on asthma comes from the understanding of asthma as a chronic inflammatory disease and from epidemiological evidence that populations consuming such diets have relatively low incidences of inflammatory conditions such as rheumatoid FA: Fatty acids LA: Linoleic acid (18:2n-6) n-3LCP: n-3 Long chain polyunsaturated fatty acid (5 total n-3 polyunsaturated fatty acid minus a-linolenic acid) n-6LCP: n-6 Long chain polyunsaturated fatty acid (5 total n-6 polyunsaturated fatty acid minus linoleic acid) OR: Odds ratio PIAMA: Prevention and Incidence of Asthma and Mite Allergy PUFA: Polyunsaturated fatty acids SPT: Skin prick test arthritis. 7 To explain the immunological effects of n-3 PUFA, several mechanisms have been proposed. Early explanations focused on the ability of n-3 PUFA to suppress the production of prostaglandin E 2 , derived from arachidonic acid (AA; 20:4n-6), and thus to suppress T H 2 responses to allergens. However, it has not been proven that this is the mechanism underlying the associations observed in epidemiological studies. Rather, it has become clear that the interaction between n-6 and n-3 PUFA and the immune system as well as the role of prostaglandin E 2 are far more complex than previously supposed. Besides an effect on prostaglandin production, n-3 PUFA may influence the function of Toll-like receptors and thus affect the response of cells of the immune system to external stimuli, and they may also decrease transcription of proinflammatory genes. [8] [9] [10] [11] Besides the numerous observations published on n-3 and n-6 PUFA and allergic disease, another finding relating FA to allergic disease was reported by Weiland et al. 12 Using data from the International Study on Asthma and Allergy in Children, the authors described a positive ecological association between trans FA intakes and the prevalence of asthma, allergic rhinoconjunctivitis, and atopic eczema in 10 countries. So far, this association has not been investigated in subsequent epidemiological studies.
In a recent review of ''Diet as a risk factor for atopy and asthma,'' Devereux and Seaton 2 conclude that, whereas epidemiologic studies have reported associations between lipid intakes and asthma and atopic disease, intervention studies have generally been disappointing. They state that further research is needed, in particular on the role of diet during fetal and early life and on the issue of individual susceptibility.
Analysis of breast milk FA composition offers the opportunity to study FA intakes in the first months of life, a period that may be crucial for the development of allergy. A few studies on breast milk FA composition in relation to childhood allergy have been conducted. [13] [14] [15] [16] [17] [18] [19] In 2001, Duchén and Björkstén reviewed the studies available at that time and concluded that there was evidence for a relationship between the development of atopic disease in infants and low n-3LCP levels in maternal milk. 20 Three more studies [17] [18] [19] were published after this review, but conclusive evidence has not been obtained so far.
In the Prevention and Incidence of Asthma and Mite Allergy (PIAMA) study, breast milk samples were collected from 276 mothers. In a previous study, we compared breast milk FA concentrations in mothers with and without allergy. 21 We found no differences between the 2 groups except for a small but statistically significant difference in the mean ratio n-6LCP/18:2n-6 in their breast milk. In the current study, we assessed the relationship between the FA content of these mothers' breast milk and allergic symptoms in their children at the ages of 1 and 4 years.
METHODS

Design of the study
This study is part of the PIAMA birth cohort study on incidence, risk factors, and prevention of asthma and inhalant allergy. At baseline, the PIAMA study population consisted of the children of 1327 allergic mothers and of 2819 mothers without allergy who were recruited from the general population during pregnancy. At the time of recruitment, the pregnant mothers filled in a validated short screening questionnaire on allergy. 22 Mothers reporting at least 1 of the following: (a history of) asthma, current hay fever, current allergy for pets, or current allergy for house dust or house dust mite were defined as allergic, and mothers reporting that they had none of these were defined as nonallergic. The children were born in 1996/1997 and are being followed until the age of 8 years. The study protocol was approved by the medical ethics committees of the participating institutes. All parents gave written informed consent.
In the PIAMA study, data are collected mainly by questionnaires. In addition, all children of mothers with allergy (n 5 1327) and a random sample of 663 children of mothers without allergy were selected for home visits. When the infants were about 3 months old, 1860 families (93% of those selected for home visits) were visited at home for the collection of house dust samples. At that time, 661 of the mothers who were visited were still breast-feeding, and 276 of them were willing and able to produce a milk sample for the breast milk study. Data on disease outcomes were missing or incomplete for 11 of their children, resulting in a study population of 265 children (158 with a mother with allergy and 107 with a mother without allergy).
Exposure assessment
Breast milk samples were collected either by manual expression or by breast pump, depending on the preference of the mother. The samples were put into tubes containing 2 mL butylated hydroxyl toluene solution (500 mg/mL) to prevent oxidation. They were sent by mail to the National Institute of Public Health and the Environment and stored there at 270°C. FA composition of the breast milk was determined by gas liquid chromatography, as described by Foremanvan Drongelen et al. 23 Details of breast milk collection and analysis have been reported elsewhere. 21 To assess evidence for the hypotheses described in the introduction, the following FA and ratios were selected as exposure variables (out of the total number of 34 individual FA measured): linoleic acid (LA; 18:2n-6), a-linolenic acid (ALA; 18:3n-3), AA (20:4n-6), eicosapentaenoic acid (EPA; 20:5n-3), docosahexaenoic acid (DHA; 22:6n-3), total n-6LCP, total n-3LCP, the ratio ALA/LA (18:3n-3/ 18:2n-6), the ratio EPA/AA (20:5n-3/20:4n-6), the ratio n-3LCP/ n-6LCP, and total trans FA.
Health outcomes
The outcome variables were based on parents' answers to questions adapted from the International Study on Asthma and Allergy in Children questionnaire, 24 collected at the ages of 1 and 4 years. We selected eczema at age 1 year and at age 4 years, asthma at age 4 years, and sensitization at age 4 years as indicators of allergic disease. Eczema was defined as an itchy rash that was coming and going during the last 12 months (at folds of the elbows or back of the knee or front of the ankles or in the neck or around eyes and ears) and a doctor's diagnosis of eczema ever. Asthma was defined as doctor's diagnosed asthma ever and either active asthma symptoms in the last 12 months and/or use of asthma medication in the last 12 months. Persistent symptoms were defined as eczema at age 1 year as well as eczema and/or asthma at age 4 years.
At age 4 years, a blood sample was taken in all children who had a home visit at age 3 months who were still participating in the study and whose parents consented to blood sampling. Blood samples were available for 133 of the 256 children in the breast milk study. Specific IgE levels for house dust mite, cat, dog, grass pollen, birch pollen, egg, milk, and Alternaria were measured at Sanquin Research, Amsterdam, using RASTs. Sensitization was defined as specific IgE higher than 0.35 IU/mL to any of the measured allergens. Sensitized and symptoms was defined as being sensitized and having eczema and/or asthma at age 4 years.
Statistical analysis
Data were analyzed stratified for maternal allergy. Prevalences of symptoms were estimated for low (below the median) and high (above the median) breast milk FA content (wt%, weight percent of total FA). The associations between FA exposure and health outcomes were furthermore analyzed by logistic regression analysis. Odds ratios (ORs) are presented for an increase in breast milk FA content equivalent to an interquartile range. The following variables were considered as potential confounders: sex, number of older siblings, maternal age, maternal smoking during pregnancy, and maternal body mass index before pregnancy. During the analyses, it appeared that the numbers of cases were too small to assess the effect of the potential confounders in full regression models. These variables were therefore entered 1 at a time into the logistic regression models. Because their inclusion hardly changed the estimates for the associations between breast milk FA and allergic symptoms, only results of the crude analyses are shown.
RESULTS
In Table I , characteristics of the study population, prevalences of allergic symptoms at age 1 year and age 4 years and breast milk contents of selected FA are shown, stratified for maternal allergy. Breast milk FA content as well as other characteristics were similar in (children of) mothers with and without allergy with the exception of maternal smoking during pregnancy, which was more prevalent in the mothers with allergy. Prevalences of allergic symptoms were higher in children of mothers with allergy than in children of mothers without allergy. Specific IgE was measured in 133 of the 265 children (81 children of mothers with allergy and 52 children of mothers without allergy). There were no significant differences in median breast milk FA contents between children with and children without specific IgE measurement (data not shown). Breast milk samples were obtained between 16 and 247 days after delivery (98% of the samples between 63 and 184 days). There was no correlation between breast milk FA content and the time since delivery when the samples were obtained.
Allergic symptoms
In Table II , the crude prevalences are shown of eczema (at age 1 year and at age 4 years), asthma (at age 4 year), and persistent symptoms (eczema at age 1 year and asthma and/or eczema at age 4 years) for high (above the median, H) and for low (below the median, L) contents of selected breast milk FA. For children of mothers without allergy, only prevalences of eczema are shown, because the numbers of children with asthma and with persistent symptoms in this group were too small for analysis (n 5 4 for asthma and n 5 6 for persistent symptoms). In children of mothers with allergy, high breast milk contents of the different n-3 FA and high n-3/n-6 ratios were generally associated with relatively low prevalences of eczema, asthma, and persistent symptoms. The associations were most pronounced for total n-3LCP and for the ratio n-3LCP/n-6LCP. In children of mothers with allergy, relatively low prevalences of allergic disease were also observed in children who had breast milk with a high content of trans FA. In children of mothers without allergy, differences between the eczema prevalences for high and low FA contents were small and inconsistent.
In Table III , the linear associations are shown between breast milk content of the selected FA and allergic symptoms for children of mothers with allergy. The associations observed were mostly consistent with the results shown in Table II . For LA (18:2n-6), the ORs for different symptoms were consistently above 1, and for total n-3LCP, the ratio ALA/LA (18:3n-3/18:2n-6), the ratio n-3LCP/n-6LCP, and for trans FA, ORs were consistently below 1. The results in Tables II and III also suggest, for children of mothers with allergy, inverse associations between AA (20:4n-6) and allergic symptoms, but not between total n-6LCP (of which AA is a substantial component) and symptoms. For eczema, substantial and statistically significant differences in prevalence were observed for high and low breast milk content of n-3LCP and n-3LCP/n-6LCP ratios (Table II) , but the linear associations were weak (Table III) . Visual inspection of curves plotted from the restricted cubic spline function showed inverse associations between eczema and n-3LCP and n-3LCP/n-6LCP ratios in the lower part of the exposure distribution, but no association in the higher part of the exposure distribution (plots not shown). In children of mothers without allergy, logistic regression analysis showed no associations between breast milk FA and allergic symptoms (data not shown).
Evidence for a possible protective effect of total trans FA on allergic symptoms has not been reported previously. To assess the possibility that our findings were influenced by correlations between trans FA and other FA, we investigated our results in some more detail. Breast milk trans FA content was inversely correlated with the n-6LCP content (r 5 20.30; P < .0001). We found no evidence, however, indicating that n-6LCP content was the underlying determinant of the inverse associations between breast milk trans FA and allergic symptoms. When the total n-6LCP or the ratio n-3LCP/n-6LCP and trans FA were entered simultaneously in a single model, the associations with allergic symptoms were similar to those observed in the models with individual FA (Table III , last 4 rows), indicating independence of the associations. If, in breast milk of mothers with allergy, both the n-3LCP/ n-6LCP ratio and the trans FA content were below the median (n 5 39), symptom prevalences were 31% eczema at age 1 year, 31% eczema at age 4 years, 18% asthma at age 4 years, and 26% persistent symptoms. If both the n-3LCP/n-6LCP ratio and the trans FA content were above the median (n 5 43), symptom prevalences were 9% eczema at age 1 year, 9% eczema at age 4 years, 2% asthma at age 4 years, and 5% persistent symptoms.
Sensitization
In Table IV , the crude ORs are presented for the associations between breast milk FA and sensitization and for the associations between breast milk FA and sensitization in combination with symptoms (the latter only for children of mothers with allergy). As opposed to symptoms, sensitization was not associated with low breast milk contents of n-3 FA, low n-3/n-6 ratios, or low contents of trans FA. In children of mothers with allergy, ORs were close to 1 for most FA, and there was no statistically significant association between sensitization and any of the FA studied (Table IV) . In children of mothers without allergy, sensitization was positively associated with breast milk ALA (18:3n-3) content and with the ALA/LA (18:3n-3/18:2n-6) ratio. Similar results were obtained when prevalences of sensitization were compared for low (below the median) and high (above the median) breast milk contents of the selected FA (data not shown).
In children of mothers with allergy, the ORs for sensitization in combination with symptoms showed the same patterns as those for symptoms. The positive association with LA (18:2n-6) and the inverse association with the ALA/LA (18:3n-3/18:2n-6) ratio were statistically significant. In the group of mothers without allergy, the number of children with sensitization as well as symptoms was too small (n 5 5) for analysis.
DISCUSSION
In this prospective study, we observed that in susceptible children, the intake of n-3LCP through breast milk was inversely associated with the risk to develop allergic symptoms. Strengths of our study were stratification for maternal allergy, a follow-up period of 4 years and outcomes in terms of symptoms as well as sensitization. Our study had several limitations, which may affect interpretation of the results. Although the number of subjects in our study was larger than the numbers in previous breast milk studies, in children of mothers 3n-3 .05 < P < .10; *P < .05. àORs were calculated for an interquartile range increase in breast milk FA content (wt%).
without allergy, we could not study all endpoints because of small numbers of children with asthma and with persistent symptoms in this subgroup. Also, there were not enough children with symptoms to be able to differentiate between different degrees of symptom severity. The possibility to adjust for potential confounders in the logistic regression analysis was also limited by small numbers.
We have only measured FA in breast milk and we cannot exclude the possibility that other breast milk components are associated with both the breast milk FA content and allergic symptoms in the children, thus confounding the associations we observed. Use of medication by the mothers is another factor on which we have insufficient data, but that could conceivably influence both breast milk composition and allergic symptoms in the children. We followed the children for 4 years, whereas most of the previous studies had a follow-up of 1 year. The presence of allergic symptoms at the age of 4 years, and especially symptoms persisting from age 1 year to age 4 years, are better indicators of allergic disease than symptoms in the first year of life. However, the longer the follow-up period, the larger the variety of factors that may have contributed to the development of symptoms during that period. In particular, the usual family diet might play a role, influencing both the mother's breast milk composition and possibly allergic outcomes in the child. The dietary intake data available in the PIAMA study are not detailed enough to assess intakes of specific FA quantitatively.
N-6 and n-3 FA
Our study is largely in agreement with findings of earlier breast milk studies on n-6 and n-3 FA in relation to the development of allergic symptoms. Wright and Bolton 13 (Zimbabwe, 1989, 25 mothers of children with atopic eczema and 22 controls, cross-sectional) found higher proportions of LA (18:2n-6) and of ALA (18:3n-3) in breast milk of mothers of children with atopic eczema. The difference in LA (18:2n-6) content was more pronounced and both differences were more marked in children of mothers with a personal history of atopic eczema. Businco et al 14 (Italy, 1993 , 23 mothers of children with atopic dermatitis and 18 controls, cross-sectional) found that the DHA (22:6n-3) content was significantly lower in milk from mothers whose children developed atopic dermatitis before the age of 6 months than in milk from mothers of healthy children. Duchén et al 15 (Sweden, 1998, 29 mothers with allergy and 29 mothers without allergy, follow-up 12 months) found that children who had at least 1 positive skin prick test (SPT) in combination with either eczema or asthma in the first year of life had had breast milk (at age 3 months) with a higher n-6/n-3 ratio and a higher n-6LCP/n-3LCP ratio than healthy infants. The ratios were highest in allergic infants of mothers with allergy. In a later study (Sweden, 2000, 63 mothers with allergy and 57 mothers without allergy, follow-up 18 months), Duchén et al 16 found lower levels of EPA (20:5n-3) and DHA (22:6n-3) in breast milk from mothers of children with allergic symptoms and lower levels of EPA (20:5n-3) and DHA (22:6n-3) and higher LA/ALA (18:2n-6/18:3n-3), AA/EPA (20:4n-6/20:5n-3), and n-6LCP/n-3LCP ratios in breast milk from mothers of children with symptoms and SPT positivity. Kankaanpaa et al 17 (Finland, 2001, 20 mothers with allergy and 20 mothers without allergy, follow-up 3 months) found a higher n-6/ n-3 ratio in breast milk from mothers of children who were SPT-positive and also had eczema and/or food allergy at age 3 months. This was the case for children of mothers without allergy and not for children of mothers with allergy. Reichardt et al 18 (Germany, 2004 , 78 children, follow-up 1 year) investigated the FA composition of colostrum (not of mature breast milk) and found no association with atopic eczema or obstructive bronchitis at age 1 year. Children who had developed specific IgE against cow's milk at age 1 had had colostrum with higher median values of LA (18:2n-6). The colostrum they had .05 < P < .10; *P < .05. àORs were calculated for an interquartile range increase in breast milk FA content (wt%).
also had a higher median ALA (18:3n-3) content, but this difference was not statistically significant. Stoney et al 19 (Australia, 2004 , 164 mothers with allergy and 60 mothers without allergy, follow-up at 6 months, 12 months and 24 months) did not study allergic symptoms but the development of atopy (SPT positivity) in highrisk children. Higher levels of n-3 FA in colostrum appeared to increase the risk to develop atopy, whereas no associations were observed between the n-3 FA content of breast milk samples collected at the age of 3 months and atopy. The authors discuss various reasons that might explain why their findings seem in conflict with previous studies that suggested a beneficial effect of n-3 FA. Our data show evidence for both these seemingly conflicting findings. In children of mothers with allergy, we observed an inverse association between n-3/n-6 ratios and allergic symptoms, but no associations with sensitization. In children of mothers without allergy, we found a positive association between breast milk ALA (18:3n-3) content and sensitization. On the basis of these results, we suggest that n-3 FA and n-3/n-6 ratios may be related to allergic symptoms in a way that is essentially different from the way they relate to sensitization. Our findings and those of Stoney et al 19 both suggest that the mechanism by which n-3 FA possibly protects against allergic disease is unlikely to involve the suppression of specific IgE production. The possibility that n-3 FA may even stimulate production of specific IgE deserves further study.
Trans FA
Our observation that breast milk trans FA content was inversely associated with allergic symptoms (in children of mothers with allergy) is not in agreement with the findings of Weiland et al 12 from their ecological study. As far as we know, trans FA content of breast milk in relation to the development of childhood allergy has not been studied previously. It has been suggested that trans FA disturb the metabolism of essential PUFA and, in particular, inhibit the biosynthesis of AA (20:4n-6) from LA (18:2n-6). 25 In our study population, the associations with allergic outcomes showed a similar pattern for trans FA and for the n-3/n-6 ratios, suggesting that the 2 factors may affect FA metabolism and the production of inflammatory compounds in a similar way.
Children of mothers with allergy and children of mothers without allergy
We observed associations between breast milk FA and allergic symptoms in children of mothers with allergy, but not in children of mothers without allergy. Taking maternal allergy as an indicator of the child's predisposition to develop allergic disease, an interpretation of this finding could be that the risk to develop symptoms is modified by FA intake only (or more strongly) in susceptible children. We cannot exclude the possibility, however, that we were unable to detect associations in the group of children of mothers without allergy because of relatively small numbers of children with asthma and with persistent symptoms in this group. The prevalence of sensitization was high (39.5%) in children of mothers with allergy and did not seem to be influenced by breast milk FA content. In children of mothers without allergy, the risk of sensitization was positively associated with breast milk ALA (18:3n-3) content.
In summary, our results provide evidence for the following conclusions. In susceptible infants, relatively high breast milk n-3/n-6 FA ratios may protect against the development of allergic symptoms, but not against sensitization. Trans FA showed a similar effect on symptoms as n-3/n-6 ratios, but this finding needs confirmation in further studies. In low-risk infants, high ALA (18:3n-3) intake may increase the risk of sensitization, but we found no associations between breast milk FA content and symptoms in this subgroup. Our results suggest that the mechanism relating FA intake to sensitization is different from the mechanism relating FA intake to allergic symptoms. This difference-and the differential effects observed in susceptible and nonsusceptible children-may help to explain seemingly conflicting results from different studies conducted so far.
